Constructing a fine 3D geomodel for complex giant reservoir is a crucial task for hydrocarbon volume assessment and guiding for optimal development. The case under study is Mishrif reservoir of Halfaya oil field, which is an Iraqi giant carbonate reservoir. Mishrif mainly consists of limestone rocks which belong to Late Cenomanian age. The average gross thickness of formation is about 400m. In this paper, a high-resolution 3D geological model has been built using Petrel software that can be utilized as input for dynamic simulation. The model is constructed based on geological, geophysical, pertophysical and engineering data from about 60 available wells to characterize the structural, stratigraphic, and properties distribution along the reservoir. Fourteen geological surfaces for all Mishrif units have been generated based on well tops data and top Mishrif structural map. The reservoir has been divided into 163 sublayers through the vertical direction and 160*383 grid cells in x-y direction with 9,988,640 total grid cells. A scale up process are performed for well log data, then, Sequential Gaussian Simulation algorithm are applied to fill 3D grid cells with properties values in areas away from wells. Pertophysical properties distribution for all reservoir zones are analyzed. The estimated initial oil in place of Mishrif through this model is close to that calculated in other previous studies.
INTRODUCTION
One of the essential steps before building a dynamic simulation model is undoubtedly the definition of a geological model or static model of the reservoir rock, (Cosentino, 2001) . Generally, the oil productivity of a reservoir is depending on its stratigraphic, structural, and petrophysical properties. Hence, a representative geological model is an essential condition for the subsequent dynamic modeling phase, (Vinh Phan, 2002) . The main goal of this paper is to build a fine three dimensional geological model based on field data available from about 60 wells passed through Mishrif formation in Halfaya oilfield. This 3D geo-model includes structural, stratigraphic and the petrophysical to characterize the variation of these properties along Mishrif formation and finally estimate the oil initially in place for both whole Mishrif formation and subunits.
Area of Study
Halfaya oil Field is one of the Iraq's seven major oilfields and was discovered more than 30 years ago. The field is located in Missan province in Iraq southeast, 35 Km southeast of Amara city, as shown in Fig.1 . It is a gentle elongated anticlinal structure with its long axis extending in a NW -SE direction about the structure is approximately 32 km long by 8.8 km wide. The structure was defined by 2D seismic data shot during years 1976 and 1980. Up to June 2010, eight wells were drilled by Missan Oil Company. The deepest well (HF-2) reached a depth of 4,788 m, down to the Lower Cretaceous Sulaiy formation. Significant oil accumulations have been discovered in multiple reservoirs of Tertiary and Cretaceous formations. In addition, 3D seismic acquisition was executed through 2010 and 2011, covering a total area of 496 km2. Up to June 2017, a total of 197 new wells have been completed drilling.
MODEL CONSTRUCTION
A high resolution three dimensional geological model for Mishrif reservoir has been constructed within (Petrel-2013) software that will be utilized as input for dynamic simulations. This software is mainly used for three dimensional geo-modeling as an input for subsequent simulation models and deployed by Schlumberger company, ( Schlumberger, 2013). For the purpose of this paper, a data base for about 60 wells of Mishrif formation in Halfaya oil field was created through software. All these data have been introduced to the software through the main data base. The work flow design is utilized for the study and wide range of functional tools in the software include: 3D visualization, well correlation, depth conversion, 3D mapping, and 3D grid design for geology simulation, well log up scaling, petrophysical modeling, data analysis, volume calculation. 
Data Collection and Preparation
To begin the first stage of constructing Mishrif geological model, all required data should be gathered and prepared in many files, one file for each data object, then entered to software. These data files are included: 1 .Wellheads: involve the surface location for every well and the target measured depth. 2 .Well tops: points along the path of each w ell to mark a depth of each zone through formation. 3 .Well trajectories or well deviation survey: involve the well path data for all deviated, horizontals, and multilateral wells. The main data in these files include values of measured depth, inclination angle, azimuth and true vertical depth along hole path during drilling operations. 4 .Well logs and core data: include raw and interpreted data that are imported for whole Mishrif formation passing through the well path, Petrochina.
Structural Modeling
Structural model accuracy and consistency is crucial to the proper distribution of petrophysical properties into the geo-cellular model. Structural Model of Mishrif reservoir have been constructed by many steps which are illustrated in the following items.
Geological Surface Generation:
Fourteen geological top surfaces for all Mishrif units have been constructed before building a 3D grid model. These surfaces are generated based on the well tops and updated depth structural map of top Mishrif reservoir. This map was created depending on 3D seismic survey results that were achieved in 2010, (Petrochina, 2017). Fig.2 shows the geological surface of top Mishrif (Top MA1). Additional surfaces for other 13 units such as MA2, MB1-1, etc. were mapped depending on well tops data and top MA1 structural map were added to serve as guides in defining the stratigraphy of the Mishrif geologic model.
Grid Construction
Generating three-dimensional grid system is the initial step in building the 3D geological model. In present work, the three dimensional grid system of Mishrif formation consists of 383 grid cells through the x-axis, 160 grid cells through the y-axis, and 163 sublayers through the vertical direction (z-axis). The total number of grid cells is 9,988,640. The lateral grid size was fixed to be 100m through the x-axis and 100m through the y-axis. Fig.3 displays a threedimensional grid system of Mishrif geological model.
Mishrif Zonation
In goemodeling of Mishrif reservoir, 14 horizons and 13 zones have been built for all geological surfaces that have been generated in the first item. The fourteenth top surface (MC2), which was previously generated, is used as a reference surface only for the bottom of zone MC1-4. Fig.4 shows all 13 zones of Mishrif formation. 
Layering
In layering process, each formation unit or zone will have subdivided into many fine layers. These fine layers act the upper and base of the grid cells through 3D grid system. This process is Journal of Engineering Volume 26 January 2020 Number 1 165 very crucial issue for representing the high vertical heterogeneity. Through current work, 163 proportional layers have been modeled in all Mishrif zones, and therefore, individual layer thickness will fluctuate based on the total thickness of each zone. Layer thickness (cell height) was about (1-2) m to reflect a proper vertical resolution of the model. Table 1 displays Mishrif formation zones and their layers. 
Scale Up Well Logs
In the scale up process for well log data of each well, the arithmetic averaging algorithm was applied for the porosity, net to gross, and water saturation scaling up. On the other hand, the geometric averaging algorithm is used for permeability scaling up. This geometric averaging is highly sensitive to poor values of permeability. Fig.6 represents the scale up well log for well N137 as an example.
3D Petrophysical Model
In this step, the reservoir rock properties and fluid saturations are estimated away from the wellbore and through areas where no data are available. Sequential Gaussian Simulation (SGS) algorithm is used as a statistical technique, allowing for finer scale heterogeneity and better control as well as prediction of porosity, water saturation, net to gross thickness, and permeability in regions far away from the wells positions. Moreover, in water saturation and permeability modeling, co-kriging with the 3D porosity model is used as a guide for these properties distribution guessing along the reservoir under study. Fig.7 to Fig.15 display the 3D model of reservoir rock properties and water saturation distribution for important reservoir zones in Mishrif. 
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Oil Initially in Place (OIIP)
The static geo-cellular model for Mishrif reservoir has been utilized to estimate oil initially in place based on 3D petrophysical models, oil water contacts, and initial oil formation volume factor through using "Petrel" software.
RESULTS AND DISCUSSION
The main results and observations from the 3D pertophysical model and volume calculations can be introduced as followings:
• It has been observed that the porosity in MA2 increases in the east and south west direction from the crest towards the flanks. In the other Mishrif Formation units, the porosity values are significantly varied along each unit in the formation with more favorable porosity values detected in the units MB2-3 and MC1-1. • It clear that the water saturation is dramatically changed from crest to flanks and from north west to south east in each unit in Mishrif formation. However, the minimum water saturation values can be observed in the south eastern part of the formation through most of Mishrif reservoir units. • From the 3D NTG maps, increasing of NTG can be seen in the south east and decreasing towards north west, excepting in two units MA2 and MB1-2A. In addition, it improves in the crest more than flanks due to good properties (porosity and water saturation) in the middle and east southern portion of the formation. • The results of pore volume, hydrocarbon pore volume, and initial oil in place for each reservoir unit in Mishrif are presented in table 2. According these results, the total initial oil in place of Mishrif reservoir is about 9,661 MMSTB, of which main unit MB1 accounts for about 72.8% while MA, MB2 and MC1 account for 7.7%, 14.3% and 5.2%, respectively.
• The total OIIP estimated by the current model for Mishrif reservoir and from other previous studies and models are presented in the table 3. From this table, the OIIP from the current model highly agrees with that estimate from the most recent previous study, Pterochina, 2017. However, there is a significant inconsistency between the OIIP result of the current model and that other two studies, BHP, 1996, and PDP, 2010. This high discrepancy can be mainly attributed to the oil water contact values for main Mishrif reservoir which was applied in the BHP study at 3040 mSS and in PDP study at 3055 mSS , while it was 3070 mSS in the current model.
